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Introduction 

and Acknowledgements 


This book follows my first major work with have worked (although any design sent to Acknowledgements 
Midland Publishing, British Secret Projects: the Air Ministry would be expected to fly). I am much indebted to many people who 
Jet Fighters since 1950, and forms a natural Few designs that did not at least reach wind helped to put this work together. The lists of 
companion to it. The design and develop- tunnel testing are worthy of historical atten- unbuilt projects in the Putnam series on Air- 
ment of the British Bomber since the end of tion. Project data throughout this book is the craft Manufacturers, and other Utles listed in 
World War Two is examined in similar depth manufacturer s estimates. If submitted to the the bibliography, gave a framework for my 
with particular emphasis placed on the ten- Ministry, the figures would normally be re- research. After that I must thank the following 
der design competitions between projects assessed by specialists and often changed for allowing me to raid their archives for 
from different companies. The sub-title date, (the weights in particular would regularly information, drawings and photographs and 
1949, relates to the first flight of the English increase) but using company data as much as for permission to publish material. 

Electric Canberra, Britain’s first jet bomber, possible provides a common factor to pre- Wg Cdr Ron Allen; Peter Amos; Fred Bal- 
but of course studies were under way several senting figures. lam (Westland); Phil Bowden (BAe 

years prior to this. I think it is correct to state that few, if any, Dunsfold); Alec Brew (Boulton Paul Associa- 

Once again extensive use has been made large bomber designs (medium and tion); David Charlton & Duncan Greenman 

of previously unpublished primary source upwards) have been produced in Britain (BAe Filton); George Cox; Andrew Delgaty 

material held by museums and record offices since TSR.2; an interdictor strike aircraft such (BAe, Brough); Peter Elliot, Ken Hunter, Gor- 

and in company and private collections, as Tornado was about the biggest pro- don Leith, Simon Moody & Andrew Whit- 

much of it recently declassified. Conse- gramme the country could afford to take on. marsh (RAF Museum); Ken Ellis; Steve Gillard 

quently it is again possible to reveal more of From about 1960 onwards there has been a & the staff of BAe Brough Heritage; Harry 

the Government’s side of events than has great deal of effort towards producing multi- Fraser-Mitchell (Handley Page Association); 
probably ever been included before in a pub- role aeroplanes with both fighter and bomber Peter Green; Barry Guess & Mike Fielding 
licly available book, and give an insight into a capability. Often it has been difficult to find a (BAe Famborough); Bill Harrison; Derek 

secret world where few had any idea of what demarcation line because there was so much James; George Jenks (Avro Heritage); 

was happening. Some of the factors and overlap and, consequently, one has to decide Ted Currier, Roff Jones, Don Tombs & the 

arguments that led to certain types either if a project should be in a fighter or bomber late Bill Gillett of the Gloucestershire Jet Age 













Maximum weight was 43,8001b (19,868kg) 
of which 19,5001b (8,845kg) comprised bombs 
and fuel and at this weight maximum speeds 
were 533mph (858km/h) at sea level, 541 mph 
(870km/h) at 10,000ft (3,048m) and 504mph 
(811km/h) at 40,000ft (12,192m); sea level 
rate of climb was 4,260ft/min (l,298m/min) 
rising to 7,370ft/min (2,246m/min) when the 
machine was light at 28,0001b (12,701kg). At 
Ihese,weights times to 10,000ft were 2.7 and 
1.6 minutes respectively; to 40,000ft 18.9 and 
9.8 minutes, and service ceiling (lOOft/min 
[30.5m/min] climb) 43,500ft (13,259m) and 
48,500ft (14,783m). Take-off wing loading 
was 42.01b/fp (205kg/m ! ). Petter confirmed 


English Electric High-Altitude High-Speed Small Diameter (Axial) Jet Eng 
Unarmed Bomber (two engines) (28.9kN) thrust each. The rapic 

MAP: ‘Since of this type, over just a few v\ 
possible for Rolls to confidei 


On 9th July 1945 Petter infor 
sending our drawing we have heard from 
Rolls-Royce that they have progressed with a 
very efficient axial flow engine’. Petter had 
ith Hives at Rolls the previous 


diameter, about 30% lighter 
consumption 5-10% better thai 
viously envisaged. This was d 
fection of high-speed axial flov 
in place of the centrifugal type. 












had been moved much nearer the centreline 
and, in the fuselage, the changes were very 
beneficial. 

The disappearance of the fuselage engine 
and raising the wing made possible a long 
uninterrupted bomb bay on the CofG 6ft (1.8m) 
wide and 24ft (7.3m) long and a maximum 3ft 
(91cm) deep. This made for extreme flexibil¬ 
ity in choice of bomb load ranging from a 

i^tWOlb (3,629kg) bomb, but including the 
specified six 1,0001b (454kg). For the same 
reasons the fuel tanks above the bomb bay 
were simplified, brought closer together and 

sumption, to l,500gai (6,820lit) total internal 
fuel. Elimination of the fuselage jet pipe made 
possible a simpler and lighter adjustable 
tailplane and saved considerable weight aft; 


behind the pilot, facing forward. The radar 
scanner was housed entirely within the lower 
half of the nose while the twin nosewheel 
had been moved so as to retract vertically 
behind the pressure cabin bulkhead. 

At maximum take-off weight (39,3001b) 
maximum speeds were 542mph (872km/h) 
at sea level, 547mph (880knVh) at 10,000ft 
(3,048m) and 506mph (814km/h) at 40,000ft 
(12,192m); sea level rate of climb was 4,800ft/ 
min (l,463m/min) rising to 7,950fl/min 
(2,423m/min) when the machine was light at 
24,9001b (11,295kg). At these weights times to 
10,000ft were 2.3 and 1.5 minutes respec¬ 
tively; to 40,000ft 15.6 and 8.4 minutes, and 
service ceiling (lOOft/min [30.5m/min] climb) 
44,700ft (13,625m) and 50,300ft (15,331m). 
Take-off wing loading was 41 4lb/ft> (202kg/m ! ). 
In reply Rowe wrote that a ‘big improvement 
has been obtained compared with the origi¬ 
nal layout using one large engine housed in 


affected by compressibi 
present available thrust, 

stage, desirable to adopt I 
However, this was consi 
promising development. 
the same basic aeroplar 
further big step forward 
an improved engine late 
tail unit might also be inti 

In discussion with the 
space, Warton, suggesti 
centrifugal engine was r 
this type of aircraft. Th 


‘complementary to a long-range hi 
armed bomber’ also currently being i 
(Chapter Two). A contract for the d 



)0lb (1,814kg), six 1 
s of smaller bombs. 


(907kg) of tan 





































> (40,824kg) layout with 

> similarly screened as 
:cted in favour of the 
wings and tip rudders 

lose-down pitching, a 
>m high-speed corn- 


range oomDer, a step 
OR.229 and Specification 
this too would be difficul 
would still need swept-bac 
as yet untried, features, so ; 
was also introduced as a b 
Investigation had now si 
pay to have defensive arm; 


le flaps at low speed, about 575mph (925km/h) 


















len further climb to 50,000ft (15,240m), 
eight being reached after 2.5 hours fly- 
re brochure stated that maximum cruise 
I at 50,000ft and 80,0001b (36,288kg) 
it would be 580mph (933knVh) Mach 
without compressibility drag, 545mph 
m/h) Mach 0.825 with compressibility 
However an Air Staff document gave 
ph (806km/h) at 50,000ft, which sug- 







INTERNAL ARRANGEMENT 


Specification 



(454kg) conventional bombs or, when in 
atomic mode', the port bay took the nuclear 
store while more fuel was housed in the star¬ 
board bay, although each compartment was 
capable of carrying two of the large ‘special 













existing types bar the wing leading edge up to English Electric B.35/46 The first Avro 698 Vulcan prototype VX770. 

25% of the chord which would have to be This relatively conservative project, dated 7th Avro Hentage Centre 
laminar flow construction requiring consider- April 1947, makes a good contrast to the Avro 

ably more care in manufacture than had been 698; something of a surprise when one con- biggest unknown and, until satisfactory flying 
customary in the past. This point, of course, siders the radical designs Petter had pro- qualities were obtained in level flight by at 
would apply to all future high-speed aero- duced at both Westland and English Electric least a Tighter-class design, without the limits 
planes and the laminar flow construction was (EE). It was treated as an attempt to provide of size and range, EE felt it would be most 
based on the lines developed by Armstrong a high cruise altitude and low all-up-weight imprudent to promise the full combination 
Whitworth. at the expense of equipment and cruise desired, in addition, it was unlikely that those 

At 50,000ft (15,240m) maximum cruise speed and was designed to meet both fighters in service in the next eight years 
speed was 576mph (927km/h), at 20,000ft medium and long-range requirements with would have any margin of speed and ceiling 
(6,096m) it increased to 632mph (l,017km/h); the same airframe but with increased internal to intercept and outmanoeuvre this proposal 
rate of climb at sea level was 5,900ft/min and jettisonable fuel tanks. After careful con- flying at 450 knots and 50,000fl (15,240m). 
(l,798m/min) and the fuel totalled 5,030gal sideration of seventeen alternative combina- The companywas hopeful that a speed of 475 
(22,8711it). The 698 met all the performance lions of aerodynamic and engine layouts, knots (547mph/880km/h) would be possible 
requirements except that the altitude over the EE stated that its project met both OR.229 after high-speed tunnel tests using informa- 
target would be 49,000ft (14,935m) instead and OR.230 in the great majority of respects; tion from work conducted by Gothert in Ger- 
of 50,000ft (15,240m) and gross weight the only exception was performance. Whilst many on improved wing sections, but a more 
rose to 104,0001b (47,174kg), not 100,0001b appreciating the need for the highest possible conservative 450 knots (518mph/834km/h) 
(45,360kg). If the Bristol engines were not cruise speed to avoid interception, the com- was used for the brochure performance esti- 
ready for the prototype, it could be flown with pany considered that the difference in the lay- mates. 

Rolls-Royce Avons or MetroVick F.9s (later out required between 450 and 500 knots (518/ To back this up, the specified cruising alti- 
the Armstrong Siddeley Sapphire) although 576mph,834/927km/h) was of a revolutionary tude had been exceeded while the aircraft’s 
these would reduce both mean altitude and character. size was kept within reasonable limits. The 

cruise speed. Design completion from ITP With present knowledge, it was not a prac- latter was achieved four ways. Firstly, evi- 
would need 156 weeks, 208 weeks were tical proposition to design a 100,0001b dence from the USA supported the view that 
quoted from ITP to first flight. Finally, Avro (45,360kg) class aeroplane having a cruising structure weight could be of low order pro- 
noted that at 20% overload, the 698 could speed of 500 knots; EE believed this must be vided the limiting dive speed was strictly con- 
meet the range and bomb load requirements approached in stages and hoped that the trolled. The speed proposed was 403mph 
of the long-range OR.230. The brochure was B.3/45 (Canberra) would contribute much to (648km/h) EAS which meant considerable 
dated May 1947. this end. The high Mach number was the restrictions both in level and diving flight at 
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range 5,000gal (22,7181it); equivalent ranges 
for cruise at 518mph (833km/h) were 3,400nm 
(6,297km) and 4,400nm (8,149km). Top level 
speed was 593mph (954km/h) at 24,000ft 
(7,315m); service ceiling at 90,0001b (40,824kg) 
weight was 50,000ft (15,240m), at 50,0001b 
(22,680kg) it was 62,000ft (18,898m); maxi¬ 
mum rates of climb were 5,600ft/min and 
10,300fl/min (l,709m/min and 3,140m/min) 
respectively. Full wing loading was 421b/ft* 
(205kg/m ! ). 











































166,000(75,298) 










V-Bomber Encore 
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placed in October. The major changes on 
the Type 673 B Mk.2 from the Mk.l were a 
considerably strengthened wing and load- 
bearing structure for higher speeds, a new 



















Ihe higher all-up-weight. With Olympus (10,433kg) and take-off 
, 21,940gal (99,759lit) of fuel and four 20,2901b (90.2kN) Olymp 
les, all-up-weight would be 339,1681b (88.9kN)ConwayCo.31s 
847kg). Span was 121ft Oin (36.9m), (101,395kg) or 225,00011) 



Vulcan carrying two, three or four advanced 
——-i— ~~ 1 1 W. 140 missiles, an Avro stand-off long-range 


Srf—- r 1 weapontoOR.1182.Thishadaslimbody37ft 

1 J / 3in(l 1.35m) long with a 6ft 6in (1.98m) span 


1 jy.u delta wing, a Rolls RB. 153-17 jet and all-mov- 


/\ weight would be 8,5501b (3,878kg) S andVul- 

\ Ca " al| - u P- wei S ht 247,8281b (112,415kg) but 


”jh W' . -a * take-offs were limited to 210,0001b (95,256kg). 

jAl If the weapon was launched at Mach 0.84 and 

Zl\Jr 45,000ft (13,716m), a range of l,550nm 


/ (2,871 km) was possible but this fell to 950nm 

' P (1,759km) if the missile flew the last lOOnm 

_ 

' | 1 would cruise at Mach 3 at 70,000ft (21,336m). 

/ 1 f y bolt, in November 1962 the Air Staff consid- 

' y eredprocurementoftheBACX-12,whichwas 

also known as Pandora. Work on this ramjet- 
powered weapon had been initiated by the 
Guided Weapons Division of Bristol Aircraft 
prior to the formation of BAC in 1960. Propos¬ 
als dated 3rd January 1963 showed a Vulcan 
carrying two X-12s on hefty pylons just out- 


l,290gal (42,241 lit), another 3,300gal (15,( 
vas housed in the bomb bay, 800gal (3,( 







































Scale Model Aircraft Projects - Estimated Data 


Bristol Type 174 
Bristol Type 176 
H Page HP.88 



(at 6.4.48) 


Span Length 

ftin(m) ftin(m) 

459(13.9) 472(14.4) 

330(10.1) 460(14.0) 

400(12.2) 3910(12.1) 

330(10.1) 300(9.1) 

490(14.9) 449(13.6) 


Wing Area 


435(40.5) 

217(20.2) 

286(26.6) 


(VX784 flown) 


330(10.1) 402(12.2) 366.5(34.1) 





















duce the V-bombers. 

B.126T 

Specification B.126T and the accompanying 
OR.314 were approved on 5th May 1952 
(OR.314 was later superseded by OR.324). 
Many points were left open so that designers 
could forward their opinions; for example, 
either turboprops using supersonic propellers 
or turbojets could be used though it was 
acknowledged that no such propeller was 
then under development. Investigations 
would consider new problems such as low- 
altitude navigation, low-level bombing and 
the physiological effects arising from long 


















weignt to blue uanuDe, or several smaller 
stores (a redesign of Blue Danube was pro¬ 
posed). The alternatives were: 

- A large subsonic 14,0001b (6,350kg) bomb, 

45ft (13.7m) long, 62in (157cm) in diameter. 

- A small supersonic 11,0001b (4,990kg) bomb, 
35ft (10.7m) long, 33in (84cm) in diameter. 

- A small subsonic 7,5001b (3,402kg) stand-off 
bomb, 35ft (10.7m) long, 33in (84cm) diameter. 


resources couia only De concentrated at me 

and the huge sums of money involved had to 
be found within a limited Defence Budget 
again at the expense of other projects, the Air 
Ministry decided to cancel its requirement for 
a low-altitude bomber and the item was 
deleted from the research and development 
programme. 


jet engine development nao made sucn 
tremendous strides that it enabled these air¬ 
craft to fly close to the speed of sound at low 
level, yet the design studies still included 
visual observation with synchronised moving 
maps. In the event, B.126T only created large 
volumes of paper, but the knowledge gained 
hel|>ed pave the way for the Buccaneer, 
TSR.2, Jaguar and Tornado. 


Low-Level Bomber Projects to B.126T - Estimated Data 


ftin(m) 

Avro 721 470(14.3) 

Bristol Type 186 58 6(17.8) 

Handley Page HP.99 706(21.5) 

Short P.D.9 636(19.4) 


Length Wing Area tic All-Up-Weight 

ft infm) ft’(m’) % lb (kg) 


800(24.4) 600(55.7) 11 root 124,400(56,427) 

6 tip (maximum range) 


920(28.0) 720(66.9) 


180,000(81,647) 


1046(31.9) 


1 , 100 ( 102 . 2 ) 


10 root 260,000(117,934) 
7 tip 

7 195,000(88,450) 


Powerplant Max Speed I Height 

Thrust lb (kN) mph (km/h) / ft (m) 


4 x Napier NP.172 Mach 0.94 

5,440(24.2) at 15,000 (4,572) 

10,000(44.4) 

2 x Olympus 101 Mach 0.9+ 

11,000(48.9) at height 

3,675(16.3) 



Weapon Load 
lb (kg) 


2 x 5,000(2,268), 



4x1,000 (454) internal 
1x10,000(4,536) 


1x10,000(4,536) 

1x10,000(4,536) 














up to four mines, two 2,0001b (907kg) armour- 
piercing (AP) or four 1,0001b (454kg) standard 
MC bombs, or a four-gun 30mm Aden pack. 
The avionics would include a monopulse 
radar, lightweight Doppler and a search radar. 

After cruise at altitude, low-level bombing 
was preferred with a high-speed low-level 
dash to and from the target from beyond 


medium altitude using the search radar. The 
maximum possible sea level speed was 
required, at least 550 knots (633mph/ 
l,019km/h) but more if possible, and a mini¬ 
mum radius of action of 400nm (741km) at 
low level and 800nm (1,483km) for high 
attack and search. Flight refuelling was 
required together with a pack installation to 

Folded dimensions were to be 51ft (15.5m) 
long, 20ft (6.1m) wide. The plane would have 
two engines and be in service by 1960. 

At the end of March, Armstrong Whitworth, 
Blackburn, Fairey, Shorts and Westland were 
invited to tender for ten or twenty develop¬ 
ment aircraft; there would be no prototypes. 
In addition Percival Aircraft expressed much 

which was granted on 13th April. However, 
after studying M.148T at greater length, Perci¬ 
val visited the MoS in mid-June to explain that 

such a complex aircraft, with all the neces¬ 
sary engineering detail, in the available time. 
The meeting agreed Percival should investi¬ 
gate a ‘novel scheme’ around a ‘ghost’ air¬ 
craft to meet M.148T which would show a 


Armstrong Whitworth AW. 168 

AWA felt the most difficult part of M. 148T was 
to limit normal take-off weight to 40,0001b 
(18,144kg) since experience showed this 
increased quickly once the project became 
hardware. So weight saving became a funda¬ 
mental part of the study and keeping down 

structure weight and avoided a second wing 
fold, with the associated mechanisms that 
generated. The process proved effective since 
it allowed enough additional fuel within the 
40,0001b limit to increase low-level opera¬ 
tional radius with the heaviest store by more 
than 25% to 510nm (945km). 

Alternative layouts had been considered, 
all of which suffered from a very large central 
mass. One had two engines immediately 
adjacent to the fuselage as per the Gloster 
Javelin and Avro CF-100 which was attractive 

full effectiveness of sweepback. But the need 
for a large bomb bay relative to the aircraft’s 
size prevented the engines being ‘tucked in’ 
to the fuselage unless they were mounted 
above bomb bay level; then they encroached 
on the internal fuel. Hence, this arrangement 
was discarded though its high-speed drag 
characteristics were very good. Another had 
underslung nacelles mounted on the inner 
wing with the main undercarriage placed just 

the nacelles too far out along the wing lead¬ 
ing to unsatisfactory single-engine character¬ 
istics at low speeds. The weight was also 
prohibitive. 


AWA felt big advantages would come from 
a system bleeding off compressor air and 
ejecting it at high speed over the flap upper 
surfaces to prevent airflow breakaway. These 
included a reduced landing speed or 
increased landing weight, reduced wing area, 
a decrease in the deck incidence required to 
prevent ‘sink’ on leaving the catapult, and a 
steeper angle of climb when required. Blown 
flaps were particularly advantageous for land¬ 
ing and entirely justified on a naval aircraft, 
but gave nothing to take-off performance. 
Hence, a deflected jet was also fitted to fur¬ 
ther augment lift, AWA believing that this, in 

the lift required with minimum extra weight. 

Jet deflection would make an aircraft 
behave as if it had a lower weight than was 
really the case and was usually effected by 
pointing the jet pipe downwards to increase 
lift. On the AW. 168, jet deflection consisted of 
a simple cowl lowered from above the jet- 

angle of 45°. The wing had full-span drooped 
leading edges working in conjunction with 
the plain blown flaps. AWA felt that blowing 
should be used only briefly to boost lift imme¬ 
diately after the catapult launch, then the 

twin-engine aircraft usually attained a mea¬ 
sure of safety from rapid acceleration along a 

ing the flaps and undercarriage up gave the 
least possible drag and half thrust would 
allow flight to continue. In contrast, a single¬ 
engine type would achieve safety directly 



















































































with the main powerpiant of fc 
BE.36 engines in two nacelles wi 
Havilland Spectre rockets provic 











low installation weight, low specific fuel con¬ 
sumption and made it possible to partially 
bury engines in the wing for low installation 
drag. Napier’s P.191, Bristol’s BE.36, DH’s 
PS.38 and PS.48 and Armstrong Siddeley’s 
P.159 were rejected. It was appreciated that 
using 16 engines under the wing trailing edge 
brought complications but Vickers felt there 
were more gains from this format. The engine 
controls were simplified by dividing the pow- 
erplant into four banks, each bank compris¬ 
ing four engines, allowing all the engines of a 
single bank to be operated as one unit. Inves¬ 
tigations had shown that the two-dimen- 

centrebody was superior to the more widely 
body. A double-wedge type centrebody 

required only three changes of angle for the 
second wedge throughout the Mach number 
range 0 to 2.3, thus avoiding the mechanical 
complexity of a continuously variable centre- 
body. Take-off was conventional but, above 
27°C, RATOG would be employed in the form 
of two Spectre rockets. 

The Red Drover aerial was 50ft (15.24m) 
long. For vision the pilot used a periscope but, 
in the event its failure, a window on the port 
side could be opened out to 45° at speeds 
below 230mph (370km/h) as an emergency 
visual landing measure. Hiduminium RR.58 

structural material instead of titanium or 
steel. Problems with the supply of the new 
‘wonder-metal’ titanium so early in its devel- 

vice date, while the difficulty of fabricating a 
large aircraft of this type in high-grade stain- 


ber 1960 with service entry in first quarter 
1964. 

Saunders-Roe 

Saro’s R. 156T work came under project num¬ 
ber P.188 and comprised three preliminary 
studies, two utilising a total of 16 RB.121s 
either mounted across the upper wing or in 
large wing tip nacelles while an alternative 
configuration had four RB.122s, two of which 
were mounted on the fuselage and two at 
the wing tips. No brochure was tendered. 

Several highly advanced British military air¬ 
craft programmes were under way during 
1955 but R.156T/OR.330 was the most com¬ 
plex and potentially the most difficult of the 
lot. Throughout the summer, a great deal of 
time, effort find paper was expended on 
assessing which tender was best; the final 
report totalled over 250 pages. For example, 
in August, the National Gas Turbine Establish¬ 
ment (NGTE) reported on EE’s ramjet pro- 

NGTE explained that in terms of efficiency, 
for example in saving weight and drag, the 
possibilities of engine/airframe integration 
offered by the ramjet had been recognised 
even for short-range missiles but had gener¬ 
ally been avoided until now because other 
layouts offered apparently simpler develop¬ 
ment problems. P.10 was a logical, or even 
obvious, way to use ramjets. The traditions 
and habits developed over many years with 
other types of engine would die hard find the 
fresh thinking so evident from EE was wel¬ 
comed. However, despite the obvious attrac¬ 
tion of the general principle, there was little 
practical evidence to support it and careful 


tackled the radar reconnaissance aspect 
fairly realistically, presumably because the 
company was fitting an experimental Red 
Drover into a Vulcan for the Royal Radar 
Establishment (RRE). The 730 offered slightly 
less room for development than the HP. 100. 
Vickers got third place with English Electric 

observed that ‘it would appear that aircraft 
companies at present lack sufficient elec¬ 
tronic knowledge’. 

The Air Staffs operational analysis con- 

because it had chosen light alloy, thus 
restricting speed to about Mach 2.0 and limit¬ 
ing the prospects for speed development. 
P. 10 was ruled out because it would not be in 
service until 1965 while its low all-up-weight 
was achieved only by reducing the length of 
the aerial system below an acceptable limit 
and making inadequate allowances for 
equipment. However, this design was most 
attractive and could form a suitable basis on 

cient information was supplied by Short 
Brothers to assess the P.D. 12 in detail, the 
company failed to meet the range despite 
deleting 3,0001b (1,361kg) of equipment and 
was ruled out because there was no prospect 
of meeting the timescale. 

The Air Staffs estimates saw Avro and HP 
competing for first place with a comparable 
speed and height performance, but the 730 
had the better range, meeting the 5,000nm 
(9,265km) limit in full without flight refuelling. 
HP. 100 would only just meet the minimum 
4,000nm (7,412km) until it was fully devel¬ 
oped. Both could be modified to carry a 
bomb and their timescales were virtually the 





















been completed on 6th April (it was later severe, Avro considered that such a model as used in the Avro 720 fighter; the 731's ‘V 

renumbered B.156). For the 730, height would be beneficial. windscreen was a modified 720 type. The 

when I.OOOnm (1,853km) out was now The Avro 731 of December 1955 was a rel- wing tip nacelles were to conform as near as 

60,800ft (18,532m) and range with full internal atively simple three-eighths scale flying possible to the 730’s but here it was not 

fuel (take-off weight 292,0001b |132,451kg|) model that took every opportunity to use achievable, with any of the suitable engines 

was 4,280nm (7,931km); fuel capacity was existing components and techniques in its available, to make the nacelles exactly three- 

21,OOOgal (95,4851it), maximum height 66,000ft construction. Three aircraft were proposed: eighths scale. For the Orpheus, the engine 

(20,117m). a. The first to explore take-off, landing and low- was mounted in a monocoque shell attached 

P.176 was finalised at 4,4001b (19.6kN) speed behaviourwith special attention paid to to the main wing torsion box and the nacelle 

thrust at Mach 2.5 and 60,000fl (18,288m). developing high lift; it would fly towards the was made long enough to accommodate the 

Eight were fitted, four per nacelle, and the end of 1957 with existing jet engines. 6ft (1.83m) of jet pipe required when the Bris- 

wing shape was much changed with sections b.Thesecond(lyinginmid-1958withmore tol Simplified Reheat, or full reheat, was fit- 

added outboard of the nacelles. Since it had powerful engines using simplified reheat and ted. With two Orpheus 3s time to 36,000ft 

been possible to reduce Red Drover's length capable of extending level flight into the low (10,973m) was predicted to be four minutes 

within an overall fatter fuselage (9.35ft supersonic region at around Mach 1.3. with maximum level Mach number (using 

12.85m) maximum diameter instead of 7.5ft c. The third also flying mid-1958 with full reheat Simplified Reheat) 1.4; four RB. 108s gave 6.5 

12.29mj), a bomb bay was added behind the to allow short bursts up to Mach 1.8. minutes and Mach 0.99. Canard span was 9ft 

aerials for a 6,0001b (2,722kg) load compris- 3in (2.8m), gross area 53.8ft' (5.0m0 and 

ing either the specially designed short-course Two powerplants were considered - one 458gal (2,082lit) of fuel was carried, 

weapon described above or the Red Beard Bristol Orpheus per wing tip nacelle or two By 7th April 1956 the MoS was proposing up 

tactical bomb. Canard span was now 19ft 7in Rolls RB. 108s per nacelle. Although basically to four 731 s with the first expected to fly in 

(6.6m) and gross area 240ft 2 (22.3m ! ). designed for VTOL aircraft, Rolls-Royce was February 1958 and the others at three- 

planning to develop the RB.108 for applica- monthly intervals - May, August and Novem- 

Avro 731 lions in training aircraft. ber; the Blackburn Buccaneer's Gyron Junior 

Following suggestions for a flying model, Direct flight evidence could be obtained in PS.43 engine was to be used. Avro also pro- 

Specification ER. 180D was raised on 9th Sep- many areas including the manoeuvrability at posed PS.50 engines for the second and sub- 

temberl956aroundtheAvro731ScaleModel all speeds of the tail-first layout and general sequent aircraft but this proved impossible 














Missiles [ICBMs]. To maintain the threat, 

small wars, OR.339 was the next step to pro¬ 
vide both the required reconnaissance and 
bombing capability’. 

In April 1957, H J Kirkpatrick, by then Air 
Vice-Marshal and ACAS(OR), wrote a paper 
explaining the future of manned bombers, 

dom of cancelling the Avro 730. The decision 

on the effectiveness of SAGWs with nuclear 
warheads. There had been concern all along 
about the chances of survival against missiles 
with conventional high-explosive warheads 
but the possible availability of nuclear SAGWs 
in the timescale for which the 730 was 
expected to enter service led the Air Staff to 
conclude that the aircraft would have a low 
chance of reaching its objective. Therefore, 
since more certain methods of delivering 
nuclear warheads were now available in the 
same timescale, the Air Staff no longer felt 
justified in continuing the OR.330 project. 


ever, that a low-altitude threat might be diffi¬ 
cult to counter and that, although low-altitude 
operation might not be readily compatible 

altitude bombardment system offered attrac¬ 
tive possibilities. In fact the Air Staff now 
considered that it had tended to overrate the 

the main deterrent and there was no justifi¬ 
cation in proceeding with a project for a 
manned aircraft designed solely for this pur¬ 
pose in the 1965-75 timescale. The usefulness 
of a manned high-altitude bombardment sys¬ 
tem to supplement the deterrent threat of the 
Medium-Range Ballistic Missile was also con¬ 
sidered and ruled out on the grounds of vul¬ 
nerability to a nuclear-headed surface-to-air 
guided weapon and the enormous cost of 

The manned high-altitude system might 
still have a limited war potential but its use- 

ing with the project, especially when this 
work could be done rather better by the sort 
of Canberra replacement Tactical Strike 


on his behalf, Kirkpatrick felt the Air Staff 
would not be justified in proceeding further 
with a project for a low-altitude bomber 
either. Actually, as the next chapter shows, 
that work was well under way and the first 
draft of General Operational Requirement 
GOR.339 had already been written. 

Official records show that serial numbers 
were never allocated to either the Avro 730 or 
731 and it is most likely that the 731s were 
never ordered; they were to be built by Arm¬ 
strong Whitworth. Bristol’s work on the 188 
did continue but the three P. 176-powered 

Avro 730 have been a success? The aeroplane 
was full of advanced systems and equipment 
and there was plenty of scope for problems. 
There was also concern about how well the 
aircraft could fly if it was damaged - would it 
be able to return to base? - and whether there 
would be sufficient stiffness in such a long 
slim fuselage. Finally, the all-steel Bristol 188 
proved very difficult to build - would manu¬ 
facturing the 730’s structure have been an 
equally difficult task? The Avro 730 has left us 
with plenty of points to discuss. 


OR.330 Bomber Projects - Estimated Data 


Project Span Length Wing Area t/c All-Up-Weight Powerplant Cruise Speed / Height 

ftin(m) ftin(m) ft’(m’) % lb (kg) Thrust lb (kN) mph (km/h) / ft (m) 

Avro 730 599(18.2) 1636(49.8) 2,000(186) 3 222,660(100,999) 4 x P.159 Mach 2.5 

20,750(92.2) at 60,000 (18,288) 


English Electric 700(21.3) 1089(33.1) 1,310(122) 14.5 root 123,000(55,793) 24 ramjet Mach 3.0 

P.10 with tanks with tanks 12.5 tip + 2 x RB. 123 boosters at 70,000 (21,336) 

50 0(15.2) clean 1,050 (98) clean 

Handley Page 59 4(18.1) 185 0(56.4) 2,500(233) 4 205,000(92,988) 12xRB.121. Mach 2.5 

HP.100 81,600 (362.7) total at 65,000 (19,812) 

Mach 0.95 at sea level 

Short PJ).12 770(23.5) 1500(45.7) 2,059(191) ? 175,000(79,380) 4xBL36 Mach 2.5 

17,950(79.8) at c56,000 (17,069) 

Vickers R.156T 633(19.3) 1330(40.5) 2,000(186) 4 209,500(95,029) 16xRB.121 Mach 2.3 

with probe 5,465 (24.3) at 57,000 (17,374) 

Saro P.188-1 636(19.4) 1510(46.0) 1,500(140) ? 170,000(77,112) 16xRB.121 ? 

Saro P.188-2 596(18.1) 1650(50.3) 1,500(140) ? 180,000(81,648) 4xRB.122 ? 

Avro 731 257(7.8) 590(18.0) 338(31) 3 14,310(6,409) 2 x Orpheus 3 Orpheus Mach 1.4, 

or 14,246 (6,462) or4xRB.108 RB.108 Mach 0.99 

with RB. 108s at 36,000 (10,973) 

Avro 730 657(20.0) 1590(48.5) 2,100(195) 2.75 292,000(132,451) 8 x P.176 1,650 (2,655) between 

(Final form) 14,000(62.2) 55,000 (16,764) and 70,000 (21,336), 

Mach 2.0 over 45,000 (13,716) 


High-Level Finale 
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- frame was increased in length by 18in (46cm) 
i- and in weight by 8001b (363kg) to accommo- 
J date a new two-seat cockpit, a new side¬ 
ways-looking J-band navigation radar and a 
second forward-looking set for terrain-follow¬ 
ing. Naval fittings were retained and photo 
reconnaissance gear was housed internally. 
With large drop tanks to supplement the 
internal fuel, GOR.339’s maximum ranges 
could be met, bar the l.OOOnm (1,852km) 
limit, but in-flight refuelling was also avail¬ 
able. Wing loading was 981b/ft ! (478kg/m ! ). 
These changes were offered as a low-cost 
alternative to an all-new supersonic design 
and were to be followed by the second stage 
offering considerable longer-term develop¬ 
ments in speed and range. B.108 Stage 2 
would introduce a redesigned wing and 
reheated Gyron Junior D.GJ.12S. 
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Bristol’s ‘Gothic’ wing design was intended to plant was integrated with the wing by putting 
The B.108’s D.GJ.4 Gyron Juniors were the have low bumpiness characteristics, meet the intake on top and burying the engines 
same as the B.103’s D.GJ.ls except for the the stringent take-off and landing limits with- behind the combined frontal area of intake 
addition of cooled turbine blades. These gave out using direct lift and very high-blown flaps and wing. Bristol felt the resulting configura- 
B.108 a top speed of Mach 0.95 at sea level and have good supersonic performance with- tion should give good subsonic performance, 
though Mach 0.85 was felt sufficient for pene- out degrading its subsonic performance, be free from major handling vices and be 
tration at low level. Climb and cruise would Thus a relatively thick and lightly loaded inherently good from a fatigue point of view, 
be at Mach 0.85, dive at 748mph (1,204km/h) (791b/ft ! |386kg/m'|) wing was chosen with No new basic aerodynamic information 

Mach 1.05. There was no supersonic capabil- simple bailing-edge flaps trimmed by a fore- would be required other than that currently 
ity since Blackburn felt the required service plane. Recent work had revealed that the being produced for the supersonic transport 
entry date effectively ruled this out. Super- Gothic’s flow pattern was more stable than programme, where much theoretical and 
sonic performance would give an aeroplane that of a conventional narrow delta, espe- experimental work was under way. 

50% larger than a transonic machine with a dally at high incidences, and induced drag Type 204 used mainly conventional skin- 
much increased development time and cost. was considerably lower than for a plain delta, stringer construction, primarily aluminium 
Several supersonic projects had been studied A ‘Gothic’ foreplane was mounted under but with some titanium and stainless in the 
but it had been found that their general char- the nose on a pylon, the front section having hot regions near the engines. These were 
acteristics made them most unsatisfactory as 10°.upward movement and the rear 40° Olympus 22s modified from the 01.15R with 
high-explosive dive bombers and unsuitable downward. This was to be used as the pri- simplified reheat to give 15% more thrust; 
as a limited war weapon. The first of four B. 108 maty longitudinal control and to trim out the OI. 15R had been found to be a better engine 
development aircraft (the 11th B. 103 modi- main wing’s full-span single-slotted trailing- than the Rolls RB. 141. Two were placed side- 
fied) would be ready to fly in January 1960. edge flaps/ailerons. Foreplane span was 8ft by-side at the rear with convergent-divergent 














to the fuselage. 

A mission radius of875nm (1,621 km) could 
be achieved on 4,334gal (19,7061it) of internal 
fuel but the specified 1,000nm required drop 
tanks under the wings, though in-flight refu¬ 
elling could be utilised. The front part of 
the wing outboard of the body formed the 

















develop a VTOL type in time to fulfil GOR.339 
so, instead, designed an aeroplane for use off 
conventional runways (P.17A), while Shorts 
added the separate piloted lifting VTOL plat¬ 
form (P.17D). This would act as a parent air¬ 
craft to take P.17A aloft vertically and then 
accelerate to its flying speed for release. It 
offered extra range or the advantage of sur¬ 
prise in making an attack from an unex¬ 
pected direction. 

P. 17D was a flying wing with tip extensions 
and fins at the tips. It used 56 Rolls RB.I08 
engines with two banks of 18 mounted verti¬ 
cally along each leading edge, two groups of 

could tilt to assist transition to and from for¬ 
ward flight, and another eight providing nor¬ 
mal forward power. P.17A was attached by a 
large hook and together they totalled 
128,0001b (58,061kg); P.17D weighed about 
46,0001b (20,866kg). Procedure was to 
ascend vertically to 2,00011 (610m) in 40 sec¬ 
onds and then accelerate horizontally to 
230mph (370km/h) before release. For 


P.17C. Shorts had initially produced its own 
GOR.339 studies using STOL jet lift, the most 
promising having a 60° delta, 16 RB.108S and 
two RB.142s; all-up-weight totalled 100,0001b 
(54,360kg). When discussions with EE had 
started it was found that this basic layout was 
similar to the much more thoroughly devel¬ 
oped P.17A, so several features were incor¬ 
porated into Shorts’ project This became the 
P. 17C with two RB. 142s and 28 RB. 108s in two 
banks of 12, one behind the cockpit, the other 
ahead of the fin; length was 101ft (30.8m), 
span 41ft 4in (12.6m), vertical take-off weight 
83,3001b (45,282kg) and overload CTOL all- 
up-weight 110,9001b (60,285kg). Although this 
offered some marginal advantages over 
P.17A, it was later in timescale and intro¬ 
duced new problems when P.17A was 
already into detail design. 

It was anticipated that the first relatively 
unequipped P. 17A prototype would fly before 
the end of 1961 and ten development 
machines would be needed to get the type 
into service in late 1963. The composite sys- 


Fairey GOR.339 

The structural and aerodynamic features 
which contributed so much to the success of 
the Delta II research aircraft were again used 
here, the structure itself being based on Delta 
ITS design and (light experience to cut down 
research and development time. Having 
rejected V/STOL, preliminary studies embraced 
twin and four-engine layouts using conven¬ 
tional, tailless and canard configurations with 
podded or buried engines. The smallest pos¬ 
sible aircraft would be a tailless delta but its 

take-offs. A conventional tailed layout was 
rejected because the best flight characteris¬ 
tics required a high wing and low tail. This 
made podded engines unacceptable as the 
jet efflux impinged on the tailplane and 
buried engines needed long intakes and 
pipes which increased weight. Hence, Fairey 
concluded that a canard 60° delta would best 
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The l.OOOnm (1,852km) radius could be 
achieved with the overload fuel. 

Electronics were kept to a minimum but 
P.1129 had a modified AI.23 with an 18in 
(45.7cm) dish for its forward-facing radar plus 
sideways X-band navigation and Q-band 
reconnaissance sets. The radar ranging and 
pilot attack sight doubled as a flying and nav¬ 
igation aid while specialised packs for all- 
weather reconnaissance were available as 
alternative loads to the bombs. Power came 
from two RB.142Rs which Hawker stated 
showed the best economy of any available 
engine; the Olympus 15R was a slightly less 
suitable alternative. The engines had individ¬ 
ual intakes on the fuselage side with fixed 
two-shock half-cones, suction relief doors, 

divergent. Absolute ceiling was at least 
60,000ft (18,288m) and P.1129’s small size 
bestowed fighter-type handling characteris- 

Mach 1.05 at se!Tlevel, about Mach 1.2 at 
36,000ft (10,973m). 

The complete system could be in service in 
1964 provided ITP arrived by July 1958. A pro¬ 
gramme for three prototypes, based on an 
April 1958 ITP, was: 

First Prototype - first flight mid-1960. This would 
be used for aerodynamic and performance 
development with Olympus 14R or 15R 
engines since the RB. 142 and parts of the 
weapon system would not be ready. 

Second Prototype - first flight spring 1961. Used 
for engine and weapon development; this 
should receive RB.142 engines. 

Third Prototype - first flight end 1961. This was to 
be as fully representative as possible to help 
prove the overall weapon system concept and 
the specialised weapon and reconnaissance 

Vickers (Supermarine) Type 571 

The Vickers military aircraft division had been 
formed from the previous Supermarine divi¬ 
sion with some reinforcement from Wey- 
bridge. Over 40 designs had been studied, six 
in detail, before two were chosen to form the 
tender. Variable geometry was rejected and 
early investigations showed meeting the GOR 
in one combined role would need a very large 
aeroplane. Thus, a policy of miniaturisation 
and alternative packs was adopted to keep all 
the military equipment to a minimum weight 

be much smaller. Most of the brochure was 
devoted to a small single-engined layout 
favoured by Vickers but a larger twin-engined 
version was also described. 

Type 571 had a light alloy structure though 


load-carrying heat shields. Construction was 
conventional with frames, skins and stringers 
in the fuselage and skins with multiple web¬ 
bing in the wing. Four ribs made up the com¬ 
plete wing box and the entire wing formed an 
integral fuel tank. More fuel was housed in the 
fuselage and provision was made for jettison- 
able tip and underwing tanks and flight refu¬ 
elling. After studying those engines predicted 
to be available in 1964, it was concluded that 
the RB.142 would be the most satisfactory for 
these aeroplanes, although the Conway 11R/3C 
was considered. On the single-engine layout 
the RB.142 was placed right aft in the fuselage 
where noise would not damage the structure; 
both 571s had convergent-divergent nozzles 
and side intakes with raked-forward outer 
lips, an unusual feature in British designs. 


Wing loading for the large 571 was 1661b/fU 
(810kg/m 2 ); the smaller had the high figure of 
1941b/ft 2 (947kg/m 2 ) which should solve the 
problem of severe turbulence frequency at 
low altitude. Compared to a Meteor flying at 
460mph (741 km/h), the small 571 showed a 
three-fold improvement in 0.5g gust response 

moving tail, all-moving fin and tricycle under¬ 
common to both proposals, the twin having 
tandem-wheel main gears. High-lift devices 
comprised full-span ‘blown’ drooped flaps. 
On the small machine compressor air was 
blown over the wing surface at the junctions 
of the nose and trailing flaps and the ailerons. 
This developed the system in use on the 
Scimitar and reduced approach speed by 
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Strike Aircraft Projects - Estimated Data 


HSA Combined 45 10(14.0) 74 3(22.6) 600(55.8) 



Swing Wings and Multi-Role: 
1959 to 1964 


Despite the policy presented to the British air¬ 
craft industry by the 1957 Defence White 
Paper, two years later work began on another 
advanced militaiy aeroplane. This was cov¬ 
ered by Operational Requirement OR.346 
and was primarily intended to assess the 
application of some variable sweep work by 
Vickers to a strike fighter. However, the 
Hawker Siddeley Group also produced its 
own ideas to OR.346. 

Vickers-Armstrong Swallow 

In the 1950s Vickers’ R&D Department at 
Weybridge became involved with variable 
geometry swing-wing aeroplanes through the 
work of designer Barnes Wallis. Wallis’ first 
thoughts on the subject, using jet propulsion, 
dated back to the start of the Second World 
War and in 1943 he realised that ranges and 


speeds might be obtained far beyond any¬ 
thing hitherto achieved. After working on a 
VG wing project called Wild Goose, his stud¬ 
ies came under the all-embracing title of 
Swallow. These initially covered civil applica¬ 
tions but the need to continue to find funding 

well. Vickers patented the Swallow principle 
in January 1954 and construction of a radio- 
controlled subsonic free-flying model began 
in April. In September the first flight was 
made of a direct-controlled flying model at 
Predannack airfield and the following year 

then supersonic free-flight trails at Larkhill. 

Alongside the theoretical study, tunnel test¬ 
ing and the use of large scale models, several 
aircraft project studies were made and some 
mechanical parts associated with sweeping 
wings were manufactured and tested, the lat¬ 
ter including an oil-lubricated pivot bearing in 
August 1956 and a dry bearing wing pivot in 
May 1958. In October 1955 a design study was 


Artist’s impressions of the Vickers Type 581 
ER.206/3 (3.60). Eric Morgan Collection 


prepared to R. 156T and a second four months 
later based on OR.330; in 1957 two research 
aircraft of 10,0001b (4,536kg) and 25,0001b 
(11,340kg) weight were proposed. The MoS 
was actively engaged through this period but 
after the 1957 White Paper all financial sup¬ 
port was withdrawn and the work at Predan¬ 
nack ceased in June. In April 1958 Wallis 
completed a brochure for a Swallow bomber 
based on the requirements of OR.339. 

Wallis claimed that the Swallow configura¬ 
tion was pre-eminently suited to combine the 
smallest possible all-up-weight with high per¬ 
formance, very long range and low take-off 
and landing speeds. Its dimensions, and 
those of a long-range supersonic fighter, were 

ous studies had revealed the advantages of 
the highly swept arrowhead configuration for 
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placed vertically in a forward housing behini 

length was increased by 1011 (3.05m) am 
the machine could carry 6,0001b (2,722kg) c 


VG and OR.346 













lift and a minimum approach speed of just 85 
knots (98mph (157km/h)). This thrust lift 
moment together with the nose-down 
moment from the wing produced by the flaps 
was balanced by the two lift engines situated 
in the front fuselage. A single jet deflection 
nozzle per engine penetrated through the 
side of the cowling which in turn was slightly 
recessed to give clearance for the jet; in nor¬ 
mal wingbome flight the compartment was 
closed by upper and lower doors to form a 


comparatively few interned ribs and span wise 
members and had elevon/flap controls. The 
absence of high-lift devices and freedom 

be maintained throughout and allowed fuel 
to be stowed in six integral tanks which, apart 
from a small space in the leading edge, fdled 
the wing completely from fold to fold. Alu¬ 
minium-copper alloys were employed for the 
primary structure because they produced the 
lowest weight commensurate with the 


On 16th June 1961 a team from Rolls-Royce’s 
Projects Department visited Kingston to dis¬ 
cuss Hawker’s P.l 149 design which was vir¬ 
tually a Canberra/Buccaneer replacement. It 
used six lift engines and two vectored thrust 
propulsive engines but fell considerably short 
of OR.346 in that its weapon and range capa¬ 
bilities had been sacrificed to a certain extent 
to achieve a vertical take-off at light loads. All 
of Hawker’s projects to OR.346 were large 
and complex affairs. P. 1151 was a supersonic 
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Kingston Vertical Take-Off Projects - Estimated Data 
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Bristol 206 

This carried 4,410g; 
was powered by twc 
props with 16ft (4.8f 
Besides the stand 
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entered RAF seivice in 1969; it serves to this 


day although, despite upgrading, its systems 
are now getting a bit long in the tooth. On 25th 
July 1996 the Government announced that 
the BAe Nimrod 2000 had won the Replace- 
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fication to the 508’s wings. The strike requite- type (at this time the 525 was thought to be tanks 570mph (917km/h); all-up-weight was 
ments had led to a heavier aircraft than the the aircraft that would go into service). A sub- 23,9501b (10,864kg), overload was 27,8301b 
508 which reduced the Type 522’s manoeu- mission was requested on 10th January 1950 (12,624kg). The wings and tail had more area 

vrability, but the level was still expected to be and the result was the Type 537 completed in than the 522; span was 37ft 6in (11.4m) and 
adequate. Internal fuel totalled 600gal (2,7281it) April. This was a pure strike conversion of the length 54ft (16.5m). Plans to build prototypes 
and the 522 could also carry two 200gal(9091it) Type 525 complete with swept V-tail (when of the 537 were suspended on 18thApril 1950 
external tanks. Sea level top speed with a flown, the 525 had a conventional tail) and because of a lack of money, 
clean aircraft was 622mph (1,000km/h), with the biggest change was a long ventral bulge 

drop tanks 535mph (862km/h); all-up-weight beneath the fuselage stretching from the rear Supermarine Type 561 

was 24,7751b (11,238kg). A reconnaissance cockpit to just ahead of the tail. This single The Type 561 was planned as a de-navalised 



April 1957, prepared to and expected to meet 
the major items of the M.148 (Buccaneer) 
requirement; the two-seater appears to have 
been the more important. (At this time Scim¬ 
itar itself had completed over 400 hours flying 
on three prototypes and six production 
machines.) The main differences from Scim- 

ment, were deletion of guns, provision of 
part-span aileron blowing, increased internal 


from l,064gal (4,838lit) to l,374gal 
'lit), strengthened wings and an extra 
station near each wing root In zero 
a radius of420nm (778km) was possible 
12,0001b (19,051kg) take-off weight but 
refuelling would push this up to 915nm 
ikm). The two-seater’s span was 37ft 2in 
n), length 61ft 10.5in (18.9m); all-up- 
it with one TMB, one 200gal (9091it) and 
500gal (2,2731it) tanks was 50,2201b 
10kg); with four 1,0001b bombs and two 
J tanks, 50,4601b (22,889kg). Work con- 


Further proposals made on 15th April 1959 
indicated a host of possible retrospective 
modifications to current Scimitar airframes to 
convert them to supersonic Type 576 stan¬ 
dards (with lower development costs than 
would be expected for a completely new air¬ 
craft design). In summaiy, the improvements 
offered by the Type 576 over the current Scim¬ 
itar were the removal of the limitation to fair 
weather operations in both strike and fighter 


roles, twice the effective stnke radius and, 
when the Red Top AAM was available, the 
ability to attack targets flying at Mach 2 and 
65,000ft (19,812m). 


UB.109T (and OR.1097) 

On 18th December 1950 OR. 1097 and 
UB.109T for a Short-Range Expendable 
Bomber were issued and, in April 1951, Boul¬ 
ton Paul, Bristol and Vickers were invited to 
submit tender design studies. Only limited 
discussion with TRE was permitted and 
designers were specifically requested to 
refrain from making any approach to the 
radio industry. The required warioad was a 


cluster of ten 
possible, cun 


Unmanned Flying Bombs 

In September 1945, with memories of the 
German VI flying bombs still fresh, the Air 
Staff requested an unmanned expendable 
bomber that would offer a greater range than 











also perform as a fighter. It called for Mach 
0.95 at low altitudes, carriage of two 5001b 
(227kg) bombs and 12 3in (7.6cm) RPs and 

Emphasis was placed on simplicity because 
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Strike /Trainers - Estimated Data 


All-Up-Weight Pouerplant Max Speed / Hei 

lb (kg) Thrust lb (kN) mph (km/h) / ft i 


BAC Type 593 

RAC P.45 

(VG) 


HSAHS.1170B 


180(5.5) 

350(10.7) 470(14.3) 


350(10.7) 500(15.2) 






11,140(5,053) 

12,490(5,665) 

20,500(9,299) 


500(15.2) 300(27.9) 


250(7.6) 500(15.2) 


250(7.6) 450(13.5) 


28 6(8.7) 55 214(16.8) 260.3(24.2) 


2610(8.2) 400(12.2) 160(14.9) 


280(8.5) 400(12.2) 

166(5.0) 


15,109(6,853), 
17,745(8,049) 
with Taildog 


2 x RB.172-49R 
7,710 (34.3), 

13,050 (58.0) rehet 


at 36,000 (10,975 
with 6AAM: Mac 
3136,000(10,972 







920mph (1,480km/h) (Mach 2.3 for short peri¬ 
ods), with wings unswept 518mph (834km/h) 
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A more substantial proposal was the P.153 
small combat aircraft begun in 1969. This was 
intended to be more of a fighter than a strike 
aircraft and results from actual and simulated 
air combat led Brough to conclude that the 
majority of combat would be in the subsonic 
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ld/short-range inter- 
ight be performed al 



(AST.396] was too restricted in 
f the roles specified, and that it 
litious in some of the technologi- 
> needed to fulfil the envisaged 
He felt that a go-ahead for such a 

the wished-for low-cost option, 
icant advances in technology 
e needed to accomplish the job. 


gate new technology and equipment, su 
fly-by-wire or incorporating the 1553B 
bus. Today the RAF still uses the H 
GR Mk.7 and upgraded versions of Jagu 








either intelligence, surveillance, reconnais¬ 
sance or combat equipment, which would 
operate alone or in close co-operation with 
manned aircraft. Contracts were placed with 
industry and the Defence Evaluation and 
Research Agency while the French Defence 
Ministry contributed to a Technology Demon¬ 
stration Programme that covered the com¬ 
puter modelling of weapon systems. One 

training - will it be possible to train realisti¬ 
cally with such weapons so that we know 
how they are going to work in a conflict? 

The Technology Demonstration Programmes 
also encompassed systems, avionics, cock¬ 
pits and weapons integration. Today, instead 
of manual analysis, FOAS can be designed as 
a computer model so it is much easier to 
change and test different shapes or modifica¬ 
tions. However, should an all-new manned 
FOAS aircraft be chosen, the most favoured 
layout is likely to remain secret for some time. 
Hopefully there will be an FOAS Demonstra¬ 
tor Aircraft (an EAP Mk.2) built and flown in 
the not too distant future to test the most 
important technical advances that the full 
weapon system will need. Work on develop¬ 


AST.396 Projects - Estimated Data 


ing the FOAS Operational Requirement was 
ongoing during 1999. 

It is significant that the UK aerospace and 
defence industry can still consider develop¬ 
ing a type such as FOAS. Back in the late 
1960s and early 1970s, when the Americans 
produced their F-14 to F-18 series of fighters 
with such relative ease and speed, there was 

sury and US industry for Britain to buy Ameri¬ 
can. This succeeded with orders for the 
Phantom fighter and C-130 Hercules trans¬ 
port but the multi-national Tornado project 
saved the RAF and UK industry from being 
completely dominated in the fighter and strike 
aircraft field. Had that not been the case, the 
military side of UK aerospace could have 
gone to the wall. FOAS, or whatever succeeds 
it, and a significant design share in the Amer¬ 
ican Joint Strike Fighter, will hopefully secure 
this valuable position for some time to come. 

The end of the Cold War and its potential 
conflict between major powers may mean that 
the need for even the US to develop new and 
very expensive heavy strategic bombers no 
longer exists. Unfortunately the politics of the 
day, localised wars, terrorists and political 


extremists, will ensure that the need for strike 
and attack aeroplanes has to stay. Will such 

Any new UK bomber is going to be a hugely 
political animal and funds for it might be dif¬ 
ficult to justify but, over the last dozen years, 
the RAF’s bomber force has been involved in 
several conflicts and in due course it will 
need replacing. (Only recently, American 
B-52Hs have dropped large quantities of 
bombs over Iraq - it is always unwise to try to 
predict the future of aerospace). 

Cost will probably drive any new project 
rather than technology, which in the past has 
often been the dominant factor. The Royal 
Aeronautical Society’s Keith Mans has said 
that Eurofighter Typhoon was ‘one of the last 
aircraft produced with the types of funding 
that Treasuries could be persuaded to part 
with during the Cold War’. Only time will tell 
if the RAF will get its Tornado replacement 
but perhaps one day, rather than Harriers and 
Tornados, the Cotswold landscape near my 
home will see large unmanned aeroplanes 
passing over at low level and high speed. 
Politically, financially and technically, that 
would be some achievement. 
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British Bomber Projects 
Summary 


wing. AS.69A similar bul 
position, 1951. AS.69A span 11 i 
length 82ft 6in (25.1 m), all-up-w „ 
bomb load 60,0001b (27.216kg). Fit! 


4,0001b (17.8kN) MetroVick F-3 
pairs just outside each side of c 
split flaps, elevators’ on the tra 
near the tip, wing tip fins and n 

through differential gearing. Es 
speed 470mph (756km/h) at se 
0.7 480mph (772km/h) at 30,00 
sea level rate of climb 3,340ft/n 


‘Jimmy 1 Lloyd deleted fuselage to gain 
maximum benefit of laminar flow wing 
(recently developed in USA) and reduce 
drag; led to flying wing concept used by AWA 


range 1,500 miles (2,414km), a 
49,7651b (22,573kg). wing load! 
(132kg/m J ), bomb load 12,0001 
Span 120ft (36.6m), wing area: 
(186m 1 ), t/c 23.5%. Revision wi 
6in (34.3) and t/c 15% to MAP 1 
deleted but thinner wing force 
of fuselage for crew. Length 45 
up-weight 54,1831b (24,577kg). 
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Appendix Two 


Post-War British Bomber 
Project Specifications 


The Air Ministry (the main funcUons of which 
were absorbed into a reconstituted Ministry 
of Defence in April 1964) has traditionally sig¬ 
nalled expected future requirements to the 
British aircraft industry via a series of specifi¬ 
cations against which tenders were invited. 

Until the end of 1949 the sequential system 
used to issue these specifications was a 
letter/number/year arrangement. A typical 
example is B.9/48 for a Medium-Range 
Bomber (in fact what became the Vickers 
Valiant): B stood for bomber; ‘9’ indicated it 
was the 9th specification issued in that year, 
which was 1948. Alternative prefix letters 
included F (fighter), E (experimental) or N 

to prevent any public insight into the thoughts 
of the Air Council and Admiralty. The new 
SDecifications were also prefixed by letters 


Target/Requirement) or SR/A (Staff Require¬ 
ment/Air). Separate naval requirements were 
covered by NR/As, e.g. NR/A.39 for M.148 
(Blackburn Buccaneer), although many 
books and papers prefer to write this as 
NA.39. Further details of pre-1950 specifica¬ 
tions can be found in The British Aircraft Spec¬ 
ifications File by Meekcoms and Morgan; 
details of ORs appeared in Aeromilitaria, 
issues April 1996 and January 1997 - all pub¬ 
lished by Air-Britain. 

B.3/45 (OR.199) English Electric A.1 Canberra. 

GR. 17/45 (OR.220) Blackburn B.54 (YA5), Fairey 
Type Q (later Type 17 and then Gannet), 
Westland GR. 17/45. 

R.5/46 (OR.200) Avro Shackleton. 

R.5/46/Iss. Ill (OIL320) Avro Shackleton Mk.3, 
Canadair CL.28, Saro P.162. 

(OR.230) Bristol Type 172, Short SA4, Handley Page 

B. 14/46 (OR.239) Short SA4 Sperrin. 


ley Page HP. 100, Short P.D. 12. Vickers 
R. 156: Also: Saro P. 188. 

(OR.336) Long-range high-altitude bomber - studies 

Full: Avro 739, Blackburn B.108, Bristol 
Type 204, de HaviUand GOR.339, English 
Electric P.l 7, Fairey GOR.339, Hawker 
P.l 129, Vickers (Supermarine) Type 571 
(two designs; Also: Gloster Thin Wing 
Javelin, Handley Page study, Combined 
Avro 739/Hawker P.l 129 project. 

RB.192D (OIL343) BAC TSR.2. 

(ASR.343) General Dynamics F-111 K. 

ER.204D (GOR.345) Hawker P.l 127. 

ER.206 (OR.346) Blackburn B. 123, de HaviUand 

DH.127, Hawker P.l 151, P.l 152 & P.l 153. 
Vickers (Supermarine) Types 581,582, 

GAH214D (OR.345) Ground attack aircraft. ‘In hand 
MR.218 (OR.350) Avro 776, Avro Shackleton develop- 


Appendix Three 


Post-War British Bomber 
Contracts 




6/Acft/494/CB.9(b) (31.7.46) 

6/Acft/3874/CB.9(a) (19.7.49) 

6/Acft/656/CB.6(b) (19.1.48) 

6/AcfV1308/C B.6( b) (5.4.48) 

6/Acft/1942/C B .6(a) (22.6.48) 

6/Acft/2205/CB.6(b) (22.6.48) 

6/Acft/3395/CB.6(b) (6.5.49) 

6/Acft/7470/CB.6(a) (13.11.51) 

6/Acft/2626/CB.6(b) (22.6.48) 

6/Acft/1875/CB.6(a) (11.3.49) 

6/Acft/2243/CB.6(b) (5.4.48) 

6/AcfV822/.. (14.3.49) 













Myasishchev 
M-4 and 3M 
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